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(54) Environmental and operational color calibration, with integrated ink limiting, in incremental 
printing 

(57) At least one environmental condition that af- 
fects color of a printed image is automatically sensed, 
just before printing. That information is then used to 
modify printer operation, to compensate specifically for 
effects of the condition on color. This ts preferably ac- 
complished using a transfer function calculated just be- 
fore printing. Also preferably taken into account is a prin- 
cipal color-calibration profile, not prepared just before 
printing but rather substantially constant. If a replacea- 
ble colorant-placing module is in use - selected from 
many such modules - and the particular module has a 
characteristic property (such as drop weight or age of 
an inkjet pen) which affects the color ol printed images, 
then preferably information about that property of the 
particular module is also automatically used to modify 
printer operation, to compensate for effects of the dis- 
tinctive property on color. Interactive effects of environ- 
mental conditions and module characteristics are pref- 
erably also accounted for. If the printing medium in use 
has a sensilivily to excessive colorant deposition of col- 
orant, at least one environmental condition that affects 
that sensitivity of the medium to excessive deposition is 
also automatically sensed, just before printing: and this 
information is then automatically used to modify printer 
operation, to limit the amount of colorant deposited. In- 
structions for automatic operation are placed in a non- 
volatile device at the time of manufacture. Sensitivity da- 
ta are empirically assembled from test patterns and 
used preferably in algebraically signed form in regres- 
sion calculations to find coefficients for use in polyno- 
mials used to calculate the transfer functions. 
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Description 

,000,, — 

A "tCS ,„o w.,,.K„o» proolems o, compuler-c.ntrolted inc..™.., P-inlers: c* q ua„,y 

T^sT^Z^teZue ability of the printer ,o print the exact color that is requested by the appLcaUon. By 
SstenJy I meanU abihty of a population of printer, to print always the same color for a grven color s P ec,,cat,on 

wTlZXc7cTZ^ow methods to improve color accuracy (usualiy by providing a colo«yor 
c^mapTclr cTns'Lcy is far more difficult This is due to the occurrence o, .actors that vary ,n a w,de range and 
cannot be predicted at the time of building such color maps 

,*\ inconsistent color - Two types of solutions have been used heretofore to reduce color-reproduction error due 

RrTsuch a map preestablished at ,h. tactoiy H generic to a product line, is inaccurate at the ™"V 
. ' ^int.™ in , the line Second and more important even it prepared to. each individual printer, a map 
Z^^TZZZ ^Z p.inthe.ds i, replacd and wn.neve, environmental o, operational con- 

*T«°se 9 L 9 up a prime, to automatically make a compleie color map to. ilsel. in the ™ - <™ »; *«« 

-o™~:ie-r= 

S.r,oreac h p P r,n,,e r .»*, r -econc r 

^r™^., Sd^ ~~ « - — — - 

ZZZX Z:r«"«r« w,n »~ -dens, approach is 
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ralibrate for instance when an operator commands it or when an inkjet pen or laser toner cartridge is changed 
or le , £ p riSJ medium is changed. Even with such automatic procedures - and an optica, sensor bu, I in o 
L printer so that the user does not have to actively participate in performance of the map-mak,ng - delay and 
cost in the present competitive market greatly handicap the transfer-function approach too. 

Re^esentauve of the second (transfer lunction) approach is U. S. Patent 5.107.332 of Chan He teaches use 
of auS2?aS?^«nuou«y field-maintained transfer functions to "continuously update an initial full scale look 
ud table which was initially prepared from a lull scale color gamut." 

U L no< completely clear what Chan means by "continuously", since it would not appear practical to implement 
that descnption literally while at the same time printing a desired output image. Presumably his invention instead 
mfkestts small test patterns automatically between image printouts or perhaps once a day. or every time a certain 

nU T^Z^^^* the Chan system, since i, undoubtedly functions very we,, and serves an 
excellent purpose As can be seen, however, it does leave some room for further improvement 

Span cular interest are two prmter-contro. languages that have previously been created or adapted .or Hew^eU 
Packard (HP) inkjet printers, and part.cularly large printer/plotters. One of these languages was developed by HP 
and known as "HP GL/2": the other deve.oped by the Adobe company. ,s called "Postscript®". These languages 
he?etofore have remained sub,ect to undesirable print-quali.y inconsistencies, as discussed above, arising from 
environmental and operational variations. 

The PostScript system has historically employed a transfer-function approach. HP-GL/2 has not. 

For printing color images, the PostScript system enables a user to define such functions for whatever purpose 
the use. wishes A typical usage is for linearization of each ink individually - or to l.neanze a display dev.ce w«l , 
rasped ^a scanned as between two different display devices. Any such defined transfer function ,s applied by 
PostScript to the desired image data - after those data have been interpreted using a principal color cal.brat.on 
profile that nominally interfaces a known image-data source with a known printer. 

(b) inmn^tant ink-limiting requirements The known technique of ink limiting is used to avoid depositing , ex- 
ce ssive amounts of ink in some special s ituations, particularly when printing in certain chromatic inks , on , certain 
media such as glossy stock. For example, it appears that particular inkjet inks conta.n relatively large p.gment 
molecules that are not readily absorbed into the relatively smaller pores of some glossy media 

To achieve vivid colors h inkjet printing wrth aqueous inks, and to substan,«..y fill the wh,e space between 
addressab.e pixe. locations, ample quantities of ink must be deposited. Doing so. however, reqt ;'^£W n « 
Removal of the water base - by evaporatbn - and also requires, for some printing media, absorption of the 
pigment into the medium. These drying phenomena can be unduly time consuming. 

9 ,n addition, if a large amount of ink ,s put down a.l a. substantially the same time, w.thin each sec on e an 
image related adverse bulk-cotoran, effects arise so-called "bleed" of one color into another (particular! notice^ 
Tbfe a. color boundaries that should be sharp), "blocking" or offset of colorant in one printed image ontc <h ba ck 
of an adjacent sheet with consequent sticking o, the two sheets together (or of one sheet to pieces of the apparatus 
or to slipcovers used to protect the imaged sheet), and "cockle" or puckering of the printing medium. 

One situation in which the overinking problem becomes oarticular.y important ""^V™"** 
"process black" or "composite black" - since ink loading is some three times what it would be for s.ngle-ink black. 
ThTs m gh. seem to suggest that composite black always should be replaced with black ink. but do,ng so somet.mes 
^duce's oSe 6 f uncontrollable effects such as changes in the apparent g.ossiness of the med.um. or erratic angular 

^Tu™: I" has its own advantages. Process black tends to reduce evident granu- 

larity partX.y In high.ight regions, and - as some would have it - a.so produces ncher and more interesting 

5,13 What is needed is a dosing technique that has some potential for at least partially avoiding process-black 
rep^emen. and so retaining these benefits of process black _ but that can be carelully controlled^ It s necessa: y 
o find a way to avo,d exceeding the ink-absorption capability of the medium. Ink limiting, which contiols ova.ink.ig 
directly can accommodate that capability and so function as an alternative to process-black replacement. 

Thave recognized, however, that the ink-absorption capability of the medium, like the overall color response 
discussed in the preceding section, shifty with environmental and other operating conditions. Therefore, as w, h 
^consistency ,nk linking is cspc^.y problematical when those operating conditions change alto, an ink- 
limitinq paradiqm has been established. 

ink Smiting can be of critical importance. For some inkjet systems, g.ossy stock may be completely unusable 
mR "" m y . . , .. r ,. „ hQ wo aiwaue been subiect to undes rable variation due to envi- 

without ink limiting: yet prior mk-l.miting systems have always been suDjeci io woinhM 
ronmental conditions and to characteristics of replaceable colorant modules (e^, mkdrop weights) 
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( c) Environmental inputs - In some known incremental printers, sensors are used to determ.ne environmental 
conditions that af.ec, operation of the printer as such or closely related factors such as image drying time U S 
Patents 617 51 6 ol Barton describes one such Inkjet system that monitors temperature and hum.d.ty for optimizing 
printer operation". Certain laser (color electrophotography) printers employ like sensors to opt.mize toner devel- 
opment _ as through adjusting bias voltage on an image-transfer drum. 

In these earlier systems, the optimization of operational settings based on the environmental sensors has 
necessarily had some indirect or incidental effect on (and usually an improvement of) the quality or even balance 
of color in printed images. In these devices, however the environmental measurements have never been used for 
direct, specific control of color or color balance as such. 

(d) Conclusion - As shown above, problems of color consistency and ink-limiting consistency have continued to 
im pede achiev ement of uniformly excellent inkjet printing - at high throughput - on various industrially important 
printing media Thus, important aspects of the technology used in the field of the invention remain amenable to 

useful refinement. 

[00081 The present invention introduces such refinement. In its preferred embodiments, the present invention has 
several aspects or facets that can be used independently, although they are preferably employed together to optimize 

looo£ en |n"preterred embodiments of a first of its facets or aspects, the invention is a method of operating an incre- 
mental printer with a printing medium. The method of this first aspect of the invention includes the step o automatically 
sens.ng immediately before printing, at least one environmental condition that affects color of a printed image. 
rwToi For purposes of this document, by the term "immediately" I refer to a time sca.e that .s short ,n relation to 
expected changes in environmenta. conditions of interest By the phrase "sensing . at least one environmental con- 
diL" I particularly mean sensing such a condition or conditions explicitly: in Chan and the other prior systems d,s^ 
cussed earlier the effects or consequences of such conditions arc merely embedded, blind, into each fic.d-gonerated 
transfer function or other automatic calibration. „„„H,i.„„e 
r0011l The phrase "before printing" encompasses the strategy of sensing an environmental cond.tion or conditions 
before printing an entire image. In addition this phrase encompasses sensing such a condition or conditions dunno, 
the printing of an entire image - i_e_ just before printing of a particular swath, or of a particular pixel row, or even an 

1001 S^lfwiHbe understood too that in this document the word "color" is used ,n the larger sense to encompass black 
as well as chromatic colors. Although the present invention is particularly beneficial in avoiding hue shUts due ^ to en- 
vironmental changes, it is also useful in linearizing and otherwise improving consistency ol even images printed ,n 
black or other monochrome colorant. ^ nn * nr i »m.. 

[0013] The method of this first facet of the invention also includes the step of automat. ca ly using I ^ sensed envi- 
ronmental condition or conditions to modify operation of the printer, to compensate specially for effects of the at least 
one environmental condition on color. This step is performed after the sensing step a ^„ la , ort ^ nt 
[001 4] The term "specifically" is used here to make clear that the invention particularly .mplements a calculated color 
correction In other words this modification does not affect color merely in an incidental way. as for instance ,n the 
previously mentioned case of environmentally derived automatic adjustments of prior-art laser printers 
M S) The foregoing may constitute a description or definition of the first facet of the invent.on ,n its broadest or 
most genera, form Even in this general form, however, it can be seen that this aspect of the .nvention s.gmficant.y 

mitigates the difficulties left unresolved in the art. . 

10016] in particular, because this method adjusts itself instantly for one or more external operating conditions it very 
straightforwardly avoids color incons.stenc.es aris.ng from variations .n those conditions. As an additional advance. 
* purest principle some embodiments of my invention can be made to correct for conditions that change s.gni.icantly 

even durinq printout of a single image. ; , ~ 

r0017] AUhouoh this aspeel of the invention in its broad form thus represents a significant advance .n the 4.1 . .s 
preferably prated in conjunction with certain other features or characteristics that further enhance enjoyment ot 
o^lnZ. For example, it is preferred that the using step also be in accordance with a color calibration profile 

that is not prepared immediately before printing 

00181~in other words, what is done in response to variable conditions can be only an ad|ustment to the overall color 
^a^tTx^mXor not a complete calibration with photometric analysis of freshly printed tost patterns and so 
^ S^ ^pproach. making the correction for environmenta, conditions takes virtually no time typically much 
Zs Than a second) and wastes neither printing medium nor ink. These considerations represent substantial savings 
bv the end user and also improved productivity. 

rooiq Another preference's applicable when the method is used with any rep.aceab,e colorant-p.acng module (such 
a" or example an inkje, pen. or a laser-printer toner cartridge) which ,s selected from multiple such replaceable mod- 
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ules. This preference is applicable if each such particular replaceable module has at least one characteristic distinctive 
property which affects the color of printed images. 

[0020] In these cases, preferably the method further includes the step of automatically using information about the 
distinctive property of the replaceable module to modify operation of the printer — to compensate for effects cf the 
distinctive property on color. In this way the invention avoids color inconsistency arising from variability of not only 
external conditions but also internal operating conditions. 

[0021] Other preferences, as mentioned earlier, include combination of this first aspect of the invention with other 
aspects discussed below. Additionally, some preferences that will be mentioned for the later aspects are applicable to 
this first facet as well. 

[0022] In preferred embodiments of a second of its main aspects, the invention is a method of operating an incre- 
mental printer, with a printing medium that has a sensitivity to excessive deposition of colorant or a carrier thereof. This 
method includes the step of automatically sensing, immediately before printing, at least one environmental condition 
that affects the sensitivity of the medium to excessive deposition of the colorant or carrier 

[0023] The method also includes the step of then automatically using the sensed at least one environmental condition 
to modify operation of the printer to limit the amount of colorant deposited. This using step thereby avoids excessive 
colorant or carrier deposition. 

[0024] The foregoing may constitute a description or definition of the second facet of the invention in its broadest or 
most general form. Even in this general form, however, it can be seen that this aspect of the invention too significantly 
mitigates the difficulties left unresolved in the art. 

[0025] In par ticula' in ihis facet of the invention the above-summarized benefits as lo color consistency are extended 
toeiutomntic ink htmimc (AIL) instead — or as well, if the two aspects of the invention are practiced in conjunction. 
[0026] In prcf crrcc embodiments of a third basic aspect or facet, the invention is a method of operating an incremental 
printer will- a printing medium. The method includes the step of automatically sensing, immediately before printing, at 
least one cnvronmcnt^i conotion that affects color of a printed image. 

[0027] Another otcp then automatically applying a combination of a principal color calibration with a transfer iunc- 
tion to modify operation of the printer. A further step is automatically using the sensed at least one environmental 
cond.tion to modify substantially only the transfer function. In this way the principal calibration is enabled to be a suo- 
stantially constant characterization of the printer 

[0028] The foregoing may consitute a description or definition of the third facet of the invention in its broadest or 
most genera! form Even m this general form, however, it can be seen that this aspect of the invention significantly 
mitigates difficulties left unresolved in the art 

[0029] In particular preferred embodiments of this third facet of the invention are beneficial in advancing the art of 
incremental printing th:s aspect of the invention focuses upon the advantage of adjusting only a small refinement or 
correction curve for '.he overall color-calibration profile of a printer This is far more efficient than attempting to rebuild 
that overall profile in the field and in real time. 

[0030] Although this third aspect of the invention in its broad form thus represents a significant advance in the at 
it ts preferably practiced in conjunction with certain other features or characteristics that further enhance enjoyment of 
overall benefits For example, here too it is preferred that the automatic applying step include using a principal calibration 
that is not prepared immediately before printing. 

[0031] This preference in effect exploits the above-noted advantage that it is not necessary to rebuild an overall 
profile in real time. A far better overall calibration can be prepared at the factory, with superior measuring instruments 
and the advantages of human evaluation and intervention. Other preferences will appear from the following discussion 
of other aspects of the invention 

[0032] In preferred embodiments of a fourth of its aspects, the invention is an incremental printer for use with a 
printing medium. The printer includes some means for placing colorant on such medium to form an image For purposes 
of breadth and generality in describing my invention, I shall refer to these means as simply the "colorant-placing means". 
[0033] The printer also includes at least one sensor for sensing at least one environmental condition that affects 
color of the formed image. In addition the printer includes an automatic processor for controlling the placing means lo 
form the image. References throughout this document to a processor or a memory device comprised by the pimtei 
shall be understood, even where not expressly indicated, to encompass a processor or memory device in a computer 
that controls the printer: such relocation of processor and memory functions as between printer and computer is a well- 
known equivalent. 

[0034] The processor includes some means for automatically operating the sensor or sensors immediately before 
printing. These means, again for generality and breadth.. I shall call the "sensor operating means". 
[0035] In addition the processor includes some means for using the sensed at least one environmental condition to 
modify the controlling of the placing means. These means, once again. I shall call the "using means". The modification 
performed by the using means operates to compensate specifically for effects of the at least one environmental con- 
dition on color 
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r0036] The foregoing may describe or define preferred embedments of the fourth facet of the invention ,n its broades 
or most general form. The reader will note that this aspect of the invention is closely related to the first (method) aspect 
discussed earlier, and enjoys similar benefits in the art. I shall discuss here at greater length some of the preferences 
applicable to both these related method and apparatus forms. 

[00371 One such preference is that the printer further include some nonvolatile means for holding instructions for 
automatic operation of the sensor or sensors and the processor, including the environmental-condition using means. 
Such nonvolatile means may include the memory devices of an interconnected computer, holding a printer driver or 
other like software - or may include a read-only memory (ROM) that holds firmware for controlling the printer processor 
directly. Alternatively the automatic processor may take the form of an application-spec.f.c integrated circuit (ASIC), 
whose "instructions" are embedded into the structure of the circuit itself. 

(00381 Another preference, mentioned earlier as to method aspects of the invention, is that the processor further 
nclude some means for performing the placing-means controlling in accordance with a color calibration profile that is 
not prepared immediately before printing. In this case it is preferable that the printer or driver (or bo h) further include 
some nonvolatile means for holding the color calibration profile. Such a profile advantageously is loaded into these 
nonvolatile means as part of the manufacture of the printer - or, equivalent^, of the compilation o a pnn e. ^driver 
100391 Yet another preference ,s that the colorant-placing means include at least one part.cular replaceable colorant- 
placing module selected from multiple such replaceable modules - each such module having at least one respective 
characteristic distinctive property which affects the color of the formed image. In this case the system further preferably 
includes means connected to the processor, for providing to the processor information about the distinctive property 
or properties of each selected replaceable module. To complete this prelerence, the processor further includes some 
means for using the distinctive-property information to modify the "controlling", to compensate fo. effects of the dis- 
tinctive property or properties of each selected replaceable module on color. 
r00401 Still another preference is that the "at least one" sensor include sensors lor sensing plural environmental 
conditions A yet further preference is that the processor also include means for using the sensed environmental con- 
as dition or conditions and the distinctive-property information together: here the purpose is to compensate for interactive 
effects of the environmental condition or conditions, and the distinctive property or properties, on color. 
[00411 This last-mentioned preference can be particularly important as it avoids the print<,uality-degrad,ng effects 
of assuming independence of the several conditions or properties. By taking into account the environmental conditions 
and in part.cular the interactions between them _ and their interactions with the inkdrop weight or other distinctive 
characteristic of a replaceable module - the system becomes extraordinarily robust, especially when a humidity- 
sensitive printing medium is in use. 

100421 Preferably the invention accommodates environmental conditions such as humidity, pressure, and tempera- 
ure and operating conditions such as type and/or color of such media, and resolution: and replaceable-module prop- 
erties such as magnitude of a quantized colorant quantity (eji inkdrop weight) and/or age o the module - and aM 
preferably with accounting for interactions. Also preferably the information -providing means include means associated 
with each replaceable module for conveying to the processor information about the respective distinctive property. 
[00431 For example, my invention can make direct use of inkdrop weight data that have been factory-encoded directly 
nto a simple memory device of an Inkjet pen. At run time the printer reads these data from the pen, to estab lisn the 
drop weight for incorporation into the calculations of my invention. The result is color rendition, color quality, hue bal- 
ance etc that are specifically adjusted for the inkdrops of that particular weight ejected by that particu ar pen. 
[00441 As to preferred embodiments of a fifth of its aspects, the invention is an incremental printer for use with a 
printing medium that has a sensitivity to excessive deposition of colorant - or a carrier of the colorant. The printer 
includes colorant-placing means and at least one sensor for sensing at least one environmental condition that affects 
the sensitivity of the medium to excessive deposition of the colorant or carrier. 

100451 The printer also includes an automatic processor for controlling the colorant placing means to form the image 
The processor further includes some means for using the sensed environmental condition or conditions to modify 
operation of the processor, specifically to limit the amount of colorant deposited and so avoid excessive colorant or 

1^046] % P , 0 omThiS it may be seen that the fifth facet of the invention is closely related to the previously introduced 
second (method) aspect of the invention, and will share many benefits and preferences with that second aspect At 
me sameTme this fifth aspect of the invention shares certain basic preferences with the fourth (apparatus) facet of the 
invention - as for example, the incorporation of nonvolatile means for holdmg operating instructions, and the accom 
modation of environmental and operating conditions listed earlier. 

[0047] A sixth aspect or face, of the invention is. in its preferred embodiments, an incremental printer for use w th „ 
printing medium. It includes colorant-placing means and a. tost one sensor for sensing, immediately before ^printing 
ax least one environmental condition that affects color of the image. In addition the printer includes an automatic proc- 
essor lor controllinq the placing means to form the image 

[5o48] The processor includes some means for applying a combination of a principal color calibration with a Irans.er 
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function to modify the controlling of the placing means, and also some means tor using the sensed environmental 
Condon or conditions to modify substantially only the transfer function In this way the pnnc.pal color ca.,bra„on ,s 
made a substantially constant characterization of the printer. ^ re ,.^w 
£o49] ?he foregoing may be a definition or description of .he sixth aspect of the invention. As w... be understood 
s !hTs facet of the invention is close.y related to the third (apparatus) aspect: and the two share vanous benefits and 

^sor '^preferred embedments of a seventh of its main aspects, the invention is a method for establishing .and 
using a tabulation of coefficients for use in producing consistent response of an incremental printer. This mejod I is 
applicable to such a printer whose image characteristics are subject to variable environmental or operating cond.fons. 

10 WSU The method includes the step of establishing a set of parameters that are the variable environmental cr op- 
erating conditions, or both Such parameters for example may include humidity and ,nk,et drop weight. 
[0052] The method also includes the step of establishing, for each parameter, values that are anticipated ,n use of 
[he printer Thus, continuing the above example the values may include three to s.x values of humidity and four to six 

' S raq 0, A dr ,urth W e r i9 ste P ,s pnnlmg test patterns using crosscombina,ons o. the established values. St.ll extending the 
s^me example such crosscomb,na.,ons could include a number o. hum.dUy/drop-we.ght pa.rs - the actual number 
be^g somTwhere between 3x4=12 pairs and 6 x 6 = 36 pairs, inc.usive. If other environmental or operating conditions 
Tor Stance temperature and/or prmting-medium type) are included in the parameter set. the total number of cross- 

20 combinations increases mulliplicatively. 

(Each test pattern, in turn, most typically consists of cosscombinations of colorant levels foi the cotorante 
used in the system - or i. a monochrome system is in use each test pattern consists of a one-d.mens.ona ramp. The 
Idea ot such test patterns is generally to canvass the available colors in the system, and, for chromatic systems, to do 
so particularly near the neutral gray axis.) 

[0055] Yet another step is photometrically measuring the test patterns. This step produces numerous sots of meas- 
urement results, one full set of color specifications for each crosscombination of env.ronmental and operat.ng condi- 

fo0561 Another step is defining at least one output image specification of interest. For example, for each colorant I 
define four or five output specifications, which as will be seen include two at endpoints of the system dynam.c range 
and two or three intermediate points. The latter I select in chromatic printers, to be of maximum usefu.ness ,n adjust.ng 
the output response for combined chromatic colorants near the neutral-gray color axis 

00571 Another step is. for each crosscombination. calculating photometric error with respect to the at least one 
Sefined output specification. In other words, I compare each photometric measurement result with a corresponding 
one of the defined output image specifications of interest, and subtract to determine the difference. 
^58 Now with this array of "photometric errors" (differences) before us. I begin a two-stage interprets process 
fn the first slage. for each crosscombination, I firs, search or analyze the photometric errors to f.nd an .npu. mk.ng 
specification that substantially produces the at least one defined output specification. 

Here I say 'substantially" for two reasons. In many cases of greatest practical interest, no s.ngle .nput mk.ng 
specification can physically produce the defined output. Moreover, even when a single input may in pr.nc.ple produce 
the defined output, it is not necessary to find a single .nput that is absolutely precise or accurate .n th.s regard. 
0060] in the second stage of the two-stage interprets. I further analyze the input .nking specrf.cat.ons found for 
[he crosscombinattons. This step is performed in such a way as to find and tabulate coeffic.ents for use .n tak.ng the 
variable conditions into account, to print a desired .mage. .,,.„„.. 
?00611 Yet another step is stor.ng the coefficients for later application tocontrol operat.on of the pr.nter. At the outset 
hese coeft.cients typically reside in general-purpose computers at a design or eng.neermg facility. 
0062] in due course these coefficients - or selected or refined values of them - are stored in printer drivers or in 
printer ROM modules, or are structurally embedded in ASIC devices. These are provided, with or as par. of pnnter 

oroducls. to users in the field. . . . 

?00631 The foregoing may .epresent a description of definition of the seventh aspect or facet of my invention n its 
Set or most genera, form. Even as couched in .hese broad terms, however, i. can be seen that th« facet of the 
invention importantly advances the art of incremental printing. 

0064 m particular, this facet of the invention provides an analytical way. or if preferred a very nearly analytical way. 
o acquire and accumulate all the numerical information necessary to successful practice of the run-t,mc aspects of 
the invention - in hundreds of thousands of units of an increment printing system, for years thereafter. Furthermore 
if during the life of such a product line it becomes necessary to update the system for newly available types of printing 
medium or for d.fferent disposable-module characteristics (such as a new range of drop weights) once again that 
expanded parameter se, or parame.er-value set is very readily accommodated by again using the same analytical or 
nearly analytical procedure 
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rOOGSI It should be understood that such updating need not require incorporation into a new printer, at the time of 

ta=es ,n a three-dimensional calculation space. That spac ^ ° ^ the , jrsl searcnlng or ana , y2 , n g step 
surfaces In us.ng ih,s technique, any one ol several tactics may be employed, mcludmg. 

. ljrth0f ov«.u„t™, the regression calculations to concurrently match zero photometric error ,or each of three sub- 
slants ly orirogarwil perceptual color dimensions respectively: 

con5.do.Hiion ol the concurrently displayed numerical representations: 

. . - ~< o r Q «i«r, thP ahove-described three-dimensional calculation space gen- 

selection ol ,ne mput mkmg specification therewithin based upon sa,d v.sual interpretation, and 

. locating « cente- of qravity of a geometrica. figure bounded, substantially in a zero-photometnc-error plane in the 
three-cmensional calculation space, by the family of two-dimensional surfaces. 

, olD „, n „, « that the further anatvzinq step include entering the input inking specifi- 

efficients are o oeapp £ ( invention . n0 w under discussion. 



which: 
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Fig. 1 is a conceptual block-diagrammatic representation of a hardware system according to preferred emoodi- 
ments of the invention: 

Fig. 2 is a graph of output and input relationships incorporated into a transfer function for one representative ink: 
F\g. 3 is a very schematic representation of a color test pattern used in calculation of coefficients for operation of 
5 tne Fig. 1 system: 

Fig. 4 is a flow chart showing operations for both calculation of transfer-function coefficients and use of the coef- 
ficients to print consistent color 

Fig 5 is a conceptual graph showing representative yellow- and magenta-sampled test-pattern data, manifested 
as a two-dimensional surface in a special M YMAl_" calculation space, intersecting the zero lightness-error (M) 
70 plane in that same space, with the portion of the surface that extends below that plane shown in the broken line 

— as part of a correlation step discussed in the text: 

Fig 6 is a conceptual graph showing a representative assemblage of such intersections in a zero-error plane or 
near that plane, part of an input-specification deduction step also discussed in the text: 

Fig 7 is a graph analogous to that of Fig. 2 but showing automatic ink-limiting relationships, together with an 
algebraic equation used tor implementation of AIL in the HP-G L/2 system. 

1 SYSTEM STRUCTURE AND OPERATION 

[0076] As my foregoing summary indicates, the present invention takes a new approach to dividing the tasks of color 
emulation oetween different time periods. My invention collects certain information long in advance of printing of an 
imny-j and other information immediately before or even during such printing — i^e_, in so-called "real time" 
[0077] What is collected in advance is an overall or principal color calibration profile 42 (Fig. 1 ) as before, plus an 
extensive assemblage 34 of details as to the sensitivity of that profile to several important environmental variables T 
P RH and nternal operating variables DW : mt, mc and to some combinations of them. (In preferred current practice 
of the invention, the pressure P and media typcY-color mt. mc arc not used.) Preferably the profile 42 and sensitivity 
data 3-1 arc determined at the factory and as part of characterization of an entire printer product line. 
[0078] The principal profile 42 is nominally the same as previously prepared in the PostScript or HP-G L/2 systems 
and is applied 44 to desired input image data 41 to obtain color-corrected image data 45 — substantially as in prior- 
art systems I shall not dwell on the principal color calibration profile 42 or operation of the color-correction block 44 
30 since they are generally conventional and in any event are available as part of the commercial PostScript package 
from Adobe 

[0079] The resulting color-corrected image data 45 then proceed through an intermediate step 51 of adjustments 
from lockup tables (LUTs) 51 C. 51 M. 51 Y 51 K. As mentioned earlier this step is optionally present in those earlier 
systems that offer the PostScript transfer-function feature. My invention, however, makes the adjustment step 51 de- 
pend upon the environmental and operational sensor inputs 25-29, their related sensitivity data 34. and the LUT cal- 
culates 31 Finally the adjusted data 52C. 52M, 52Y 52K pass through AIL and rendition 57 to a print engine. 
[0080] Derivation of the sensitivity data 34 will be explained shortly. That derivation, like preparation of the principal 
profile 42 of course is quite time-consuming and expensive, but amounts to an investment that can be allocated over 
the who-e product line. Accordingly the cost of preparation becomes essentially trivial for each printer unit 30 50 and 
40 each printed image 55. 

[0081] What is collected in real time is simply an assemblage of the actual current values T. P. RH. DW. mt. mc of 
the environmental and internal operating variables. This later collection step takes only moments — typically much 
less than a second — but it enables the printer 30, 50 to update the entire color-calibration profile 34 without any delay 
of magnitude noticeable to the human operator. 
J5 [0082] The purely environmental data T R RH are acquired by sensors 11-13 mounted in the printer preferably in 
a well-ventilated area for sensing ambient conditions. It is these conditions that are most relevant to drying phenomena, 
which largely take place in an image receiving bin or tray, essentially outside the printer. The sensors 11 - 1 3 are therefore 
typically remote fiom the printing media 47 and pens 53C. 53M : 53C. 53K. 

[0083] In the now-pief erred embodiments of my invention, pressure is not monitored. The ternperatuie sensot 11 is 
so obtained from National Semiconductor of Santa Clara, California, USA. as model LM34: and the humidity sensor ^3 
from Humire of Toulouse. France, as model THS 1101. 

[0084] A fundamental assumption underlying this new approach is that the sensitivity of the characterization to the 
several variable factors is stable . I have very carefully and quantitatively validated this assumption for the system that 
employs my invention. 

55 [0085] The most challenging aspect of that validation related to disposable supplies, notably inkjet pens 53. Previous 
disposables drifted severely, the magenta pen 53M being most subject to progressive drift of conditions at the ink- 
ejection aperture 

[0086] In work related to the present invention, it was found that such drift could be sharply curtailed, particularly by 
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controlling very closely the delivery of ejection energy to the pen resistors. The initial condition of the pen was thereby 
stabilized, with drift from that condition well below a threshold that previously had prevented attainment of reliable color 
calibration through my invention. 

[0087] Based upon that improved stability. I have found that inkdrop weight respectively ejected by each pen can be 
5 determined at the factory, encoded directly into a memory device 14C. 14M 14Y 14K in the respective pen, and then 
read out by the printer — from the pen memory 14 — in real time as defined above. Before starting a particular image 
pens can be changed and if desired a previously used pen can be replaced in the printer: essentially without missing 
a beat, the printer adjusts itself appropriately to the particular pen currently in use. 

[0088] Now. the sensitivity data 34 collected in advance are readily stored in a memory of the printer 30, 50. or in 

io an application-specific printed circuit in the printer, or if preferred in a printer driver associated with the computer 40' 
that runs the controlling application 40. If preferred, some of the data can be stored in one of these locations or in one 
form, and other data can be stored in others of these locations or in different forms. Similarly the color correction 
operations 44 and the principal color calibration profile 42 used in those operations, if desired can be allocated as 
between the printer/processor 30 and the application 40. 

is [0089] These several options are symbolized in the drawing by showing the sensitivity data 34. the algorithm instruc- 
tions 43 and the operational functions 44 as located partially within the application and computer blocks 40. 40* and 
partially within the printer block 30. Although some distribution of functions is feasible, it will be understood that in 
practice each of the three functions 34, 43. 44 is most typically in only one or the other (application/computer or printer), 
not both. In particular the principal profile 42 is preferably part of the driver 40. and so stored in the computer 40'. for 

20 HP-GL72 bul is in the printer 30 for PostScript. 

[0090] Included in the precalculated sensitivity data 34, as previously mentioned, are all the independent sensitivities 
and their crosscombination effects. These factors include characterizations for different environmental temperatures, 
humidities and air pressures if desired, and different internal operating conditions — particularly real inkdrop weights 
for each pnnthead. media characteristics, and printing resolutions. 

25 [0091] Temperature T and humidity RH, and pressure P if desired, arc provided by sensors 11-13 in the printer 30. 
50. Upon command from querying devices 21. 22, 23 in the printer these data are read 25. 26 27 in real time into the 
calculation P jjh from those sensors, for combination with the internal operating data (including the inkdrop weights 29 
read from the pens and print-media color and type 29 as desired) and with the sensitivity data 34. 
[0092] In the drawing merely for purposes of definiteness the real-time computation block 31 is symbolized as gen- 

30 erally divided in two, with purely environmental data 25-27 received in the upper portion 32 as illustrated, and internal 
operational data 28. 29 received in the lower portion 33. (As mentioned earlier, that distinction between environmental 
and operational information is not observed throughout this document, but only to the extent convenient.) 
[0093] Also included in the advance -collected data are instructions 43 for performing the real-time calculations 31 
Pi k to derive 36 the LUTs 51 needed to complete the preparation for printing. More specifically, the real-time calculations 

35 31 consist primarily of calculating transfer-function LUTs 51 C, 51 M. 51 Y. 51 K for every ink and printhead 53 in use. 
[0094] When interpolated, these transfer-function LUTs will adjust the color-corrected image data 45 for the real- 
time-monitored deviation of the environmental and operational factors 25-29 from nominal values. For each printhead 
53, the printer processor 30 (or application 40, as mentioned above) uses the prestored mathematical model 43 and 
sensitivity data 34 to calculate several points P1-P4 (Fig. 2) of the respective transfer function 51 C etc. 

40 [0095] Then when a color-corrected image color specification 45 is to be printed, the system finds the corresponding 
numerical values in the LUTs 51 — interpolating between those points P1-P4 as needed. The corresponding output 
values from the LUTs are reassembled to obtain a complete output color specification, which then passes through 
rendition 57 to the print engine 50. to print 54 the image 55. The result is consistent color quality without user inter- 
vention. 

45 [0096] In my now-preferred embodiment each entire page is calculated out before printing of that page begins. My 
invention, however also encompasses continuing acquisition of sensor data after page printing starts, and modification 
of the data accordingly if the variables change significantly. As will be understood, such a mode of operation can be 
beneficial for printing of large projects thai may span long time intervals, and may thereby span important changes in 
environmental variables. 

so [0097] For satisfactory operation of such a midstream-readout system it will be necessary to deal with several con- 
ceptual obstacles. Humidity sensors are noisy and for present purposes humidity sensing itself may be subject to 
inherent low-frequency noisiness. 

[0098] Such noisiness may be partly due to undefined air-circulation patterns and undefined speeds ol draft currents 
in a printer or even in a room where the printer is operating. In the end a satisfactory implementation may depend 
55 upon a question of definitions, as to what humidity it is that is to be sensed. 

[0099] For instance it may be necessary to impose a forced-air circulation on at least the printer enclosure, to achieve 
a stable result Resort to such strategies may not be out of the question, where the highest possible image-quality 
consistency is sought in a very large printout 
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[0100] For an ASIC-controlled system, in which information passes in lockstep through many successive processes 
in a so-called "pipeline" incorporating midstream environmental reaoouts and color adjustments would appear to be 
impractical as a modification. In other words, the opportunity for developing such a system would seem to require the 
occasion of an entirely new ASIC design. 

2 TRANSFER FUNCTIONS 

r0101l At run time, as explained above, my invention changes the so-called "contone" color values 45 before dithering 
or error diffusion 57 — to compensate for sources of color variation that can be predicted. The correction is made by 
the PostScript system using the transfer-function LUTs 51. not to be confused with the master or principal color-cali- 
bration profile LUT 42 

[0102] In my currently preferred embodiment, firmware 43 in the printer 30 calculates the transfer-function LU is 51 
before paqe printing begins. As noted above, however, incremental adjustments during printingare poss.ble in principle 
[0103] A representative LUT (Fig. 2) consists of just (our data points Pi through P4, between which values are 
interpolated. I currently prefer a linear interpolation, but optionally a polynomial of. say, the third degree can be sub- 

?0104] d Taking the illustration as representing the intensity level of a colored light, as in particular one of an RGB 
signal triad full-scale (1 .0) corresponds to white. The top-right data point P1 thus represents the no-mk condition: I fix 
it to the value (1.1) because I do not want to add any ink to white. 

[0105] Conversely the bottom-left data point P4 corresponds to a maximum-ink situation. I have reserved th.s memory 
position for use in correcting nonlinear behavior due to saturation, but in my present implementation for some media 
P4 is clamped to the fixed value (0.0). This is not the case with glossy or coated media, for which some adjustability 
about a nominal value is desired: since negative inking has no physical meaning, the nominal value therefore is pref- 
erably shifted upward and inward, into the dynamic range of the system. 

[01 06] In setting this value. I prefer to start by assuming that the amount of adjustability (and therefore the magnitude 
of such a shift', will be about the same as the range of variation about P3 for the printing medium under consideration 
Such a shift however, cuts into the effective gamut of the system at that nominal point. If this gamut reduction is 
significant for the particular combination of print medium and inking strategy, then I instead establ.sh a nominal P4 
value that is smaller — basically as a tradeoff between desired adequate adjustability and desired minimum incursion 

into the gamut ... 
[0107] The two intermediate points P2 and P3 are determined experimentally, particularly aiming to m.nim.ze chroma 
when printing neutral grays. As will be recalled from the introductory discussion of transfer functions, the basic function 
of a curve such as Fig 2 can include linearizing the response with respect to one color: as will be seen from section 
4 below, this is preferably done in such a way that linearization occurs with respect to RGB components rather than 
C M YK 

[0108]' Before printing, the output level OL| for each data point i = 2 or 3 (Le,, for points P2 and P3 in the graph) is 
calculated using a polynomial function with ten terms. The function is: 

OL; - C i0 + C h DW + C i2 RH + C i3 T + C W (DW) 2 + C |5 (RH) 2 
+ C |6 T 2 + C i7 (DW) (RH) + C i8 (RH)T + C jg (DW)T. 

in which DW is drop weight read from the pen. and RH and T are relative humidity and temperature as read trom 
substantially conventional humidity and temperature sensors in the printer. 

[01 09] The ten coefficients C i0 through C i9 are found empirically, by a process to be explained in subsection 3 below, 
and embody the sensitivity data 34. (It will now be clear why the term "coefficients" appears in blocK 34 ol the diagram. ) 
This representative compulation is made more complicated arithmetically - but not conceptually — il the system ,s 
to take into account additional variables such as atmospheric pressure P. pen age, media type or color, and so forth 
[01 1 0] It will be understood that another subscript could be added to account for the fact that each output level is for 
a particular point P2 or Pn and a particular ink . Thus in the preferred embodiment of my invention, there are four inks 
including black, and therefore four each of OL, and OL 2 polynomials as shown above - for a total of eight polynomials 
in all (excluding the preparations for ink limiting), to establish the transfer functions. The added color-identif,cat,on 
subscripts — as for instance in presentation of the output level "OL i . magenta " — may be regarded as implicit. 
[0111] For the embodiment of my invention which is now most highly preferred, the values ol the ten coefficients C j0 
through C. q appear in Table 1 This tabulation shows all the calibration coefficients (CC) for the indicated five types of 
printing medium, for two resolutions for color calibration for four different pens, and also automatic ink limiting (AIL) 
coefficients, discussed below. 
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[0112] implementation of the color-adjustment aspects of my invention through the PostScr.pt system ,s part.cu larly 
straightforward using the previously mentioned transfer-function capability of that printer language. These aspects of 
tte Invention can also be Incorporated into an update of the HP-GLV2 system, but a greater effort ,s requ,red because 
as noted earlier that system provides no transfer-function feature. 

3. CALCULATION OF THE TRANSFER-FUNCTION COEFFICIENTS 

[01 1 3] The structure and operation of the run-time aspects of my invention are essentially independent of the pro- 
cedure by which the transfer-function coefficients are calculated. Described below is the coefficient-calculation proce- 
w dure which I have employed and which I prefer. ... 
rami Operation of the run-time part of the invention is based on LUTs for each ink, that provide the actua ink 
intensity values which are best for color reproduction under the current environmental and operational conditions (typ- 
ically temperature, humidity and drop weight). I prefer to use a statistical multiple regression to adjust the polynomial 

,5 '[Si 1 r^. 1 ^-^"^ 'rem one hundred data points, each representing an ink intensity value that has 
m,n,mum difference in color coordinates to neutral gray for a given combination of the environmental and operational 
conditions Those one hundred data points are generated as follows. 

1-01 16] Three levels of relative humidity (twenty, fifty and eighty percent) are crosscombined with three temperatures 
fifteen twenty-five and thirty-five degrees Celsius), to provide nine sets of environmenta. conditions^ To these .s added 
so one more set. namely sixty-live percent hum,dily al thirty degrees Celsius, for a total of ten conditions 61 62 <F,g^ 
?., OSO ten sets are crosscombined with five different drop-weight levels (nominal, and plus-o. -minus ten and twenty 
Dcrcenr fc a total of fifty test-pattern conditions. 

[01 17] I print 63 fifty test patterns, under all those conditions respectively. Each test pattern consists of further cross- 
comb nat,L of ramp sfeps (Fig. 3) in paired inks - e_g_ magenta and yellow, laid down in eof^^J^ 
cs level of the comp.cmcnt. ^ cyan for the magenta and yellow pair. Each test pattern ,s actually doubled. with different 
co o intensities so thatlteparate set of values obtained for each of the points P2 and P3 ,n ih. e«™p^y 
.ransler-function graph (Fig. 2). Next. I photometrically measure 64 the results and with certain output image specifi- 
cations m m,nd 65 I calculate 66 the photometric errors as between the measured results and the assumed output 

30 mi e i C 8i Ca, .The S n search 67 the measured values for the two reference grays - the oidinate values of 92 and P3 in the 
transfer-function graph (Fig. 2). In this way I find the ink intensity values, or in other words the abscissa values (of the 
same two points P2. P3). that best reproduce those two target gray values. 

[01 1 9] Tc perform this search 67 1 prefer to conduct a preliminary statistical analysis, a first regression-line calculation 
71 - ,n wn.cn the drop weight for each color, and the temperature and humidity etc., are treated as independent 

55 variables h this preliminary analysis the four ink levels sought are the dependent variables. 

[01 20] S,nce each of the fifty test patterns is searched to find two ink intensity values, the output of th s preliminary 
stage s one hundred data points as mentioned above: a small sampling is in Table 2. (I refer here to the fact that each 
crosscombma.ion of colors occurs in two different parts of the test pattern, not to the fact that two output va.ues. P2 
and P3 for respectively, are sought.) . 

,o [01 211 The regression 71 does not lead completely to the desired point for each crosscombination of conditions 
Rather as suggested representatively in Fig. 5 each regression may instead be used to lead to determination of a l,ne 
72ym (for yellow and magenta) which is the intersection of a .wo^imensiona. surface 71 with the zero-error Y-Mptane 
for some one of three perceptual color variables. e_a. AL - in a special three-dimensional calculation space YM AL. 
[0122] As shown, the three-d.mensional calculation space has these three orthogonal variables: two varying inks On 
he illustrated example, namely yellow Y and magenta M), and colonmetnc error in one of three perceptual color o> 
mensions „n the illustrated example, namely error AL in lightness). The other calculation spaces used are YMAa . YM 
Ab* YC AL. YC Aa*. YC Ab': CM AL, CM Aa* and CM Ab*. 

f0123l The two-dimensional surface 71 corresponds to the photometric values found fo. the crosscombmations of 
colo.s in one test pattern. In the drawing these color combinations are symbolized by the nodes of the illustrated grid. 

so and~as can be seen part of this array of data points falls below the zero-error Y-M plane. _ 

[01 24] A like curve-plane intersection line 72yma. 72ymb (Fig. 6) - or other convenient representation of the be- 
havior of the three two-dimensional surfaces similar to the surface 71 in Fig. 5 - is similarly located for the other color- 
space perceptual dimensions using the first two of the otner calculation spaces listed above. A single point now must 
be deduced 72 from these intersection lines or other desired representations. 

55 [01 25] If 'hree intersection bnes with the zero-error plane have been found, as suggested in Fig 6. hen one suitable 
act* lor finding the desired .put-specification point is simply to locate the center 72 of the triangle defined in that 
plane Other approaches which will straightforwardly locate a minimum overall error, though ne, generally ,n the zero- 
error plane include' 
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■ further evaluating the regressions to find the best point, considering all the curves simultaneously: 

■ displaying the error values numerically in the region of the Fig. 6 intersection lines — but not only in the zero-error 
plane — and choosing a point manually by a visual search for points with all three error values small and roughly 
equal: or 

■ similarly displaying the region but with the error values represented graphically , and choosing a point manually by 
a visual search for points with all three error surfaces roughly equidistant from — but close to. if not in — the zero- 
error plane. 

These latter approaches (also described earlier in the "Summary of the Disclosure" section) are facilitated greatly by 
use of a high-level statistical package such as that known commercially as "e-chip". 

[0126] The search steps 67. 71 . 72 to this point are iterated 73 with other regressions to obtain analogous surfaces 
and intersections for the other varied color pairs. The last six calculation spaces listed above are for use in these 
calculations. 

[0127] Next I analyze 74 these hundred resulting abscissa values — for the parameter crosscombinations — to 
obtain for each ink the coefficients C j0 through C i9 . Those are the coefficients that appear symbolically in the expression 
set forth earlier for the output level OLj and whose numerical values are exhibited in Table 1 . I prefer to perform this 
step by using a second final regression-line calculation 75. 

[0128] In this way each regression provides, for a corresponding one of the inks. Ihe polynomial function that predicts 
the ink intensities required to print the reference color properly with given drop weight and environmental conditions. 
As an example of the result of one regression, for cyan level 1: 



OL i-cyan = °- 66218 " 0.00454DW - 0.001 12RH + 0.001 85T 
+ 0.00090(DW) 2 - 4.4.10* 6 {RH) 2 + 4.35.10" & T 2 
+ 5.72-10" 5 (DW) (RH) - 0.00038(RH)T + 2 0510' 5 (DW)T 



[0129] The process should be performed for each different type of printing medium, and each print resolution — 
generally as suggested by the layout of Table 1. It should also be performed for each dither pattern, error-diffusion 
mode or other major operating mode for which independent optimization of the system is desired. 
[0130] The coefficients are next stored 76 for later use 77 in controlling the printer Such use is then very rapid and 
straightforward, including application 78 of the coefficients to calculate the LUTs 51 and reference to those LUTs to 
produce a modified form 52 of the input image data 41. 45 as described earlier. 

[0131] Preferably that application 78 includes reading 81 the values from the sensors — and from encoded values 
in the pen or other colorant-applying module, and if desired from encoded values 16, 17 in the printing medium 47. 
Next is a calculation 82 of some values in the transfer functions, using the read data and the complete characterization 
LUT 34. 

[01 32] An interpolation 83 of the transfer functions follows, and finally a printout 64 of the image. These several steps 
are done generally as described in the above discussion of the run-time structure and operation of my invention 

4. AUTOMATIC INK LIMITING 

[0133] This topic is a part of my invention because I have recognized that printing-medium absorption ability, too. 
varies with environmental conditions. Ink limiting therefore can be belter managed by taking environmental conditions 
into account, through an analog of my color-calibration techniques. 

[0134] Ink limiting reduces excess ink in secondaries and dark colors, especially when printing composite black. It 
thereby allows better print quality and (by virtue of shorter drying time) faster printing. 

[0135] Automatic ink limiting (AIL) controls the amount of such excess-ink reduction in a newly rational way namely 
according to real drop weight and environmental conditions. These arc factors that greatly affect how much ink a 
particular printing medium can accommodate. 

[0136] AIL is applied, using a firmware-generated LUT. to contone or twenty-four-bit RGB data before rendition 57 
(and scaling, if any) — but after all color-calibration procedures 42, 51. AIL clips the total amount of ink to a single- 
value limit by reducing cyan, magenta and yellow in equal proportions: black is not reduced. 

[0137] AIL works very similarly to the color calibration techniques described above, and can be used in the HP-GL/ 
2 system as well as the PostScript system. There is an operational difference in that HP-GL/2 applies AIL only with 



• 
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media that require composite black — i_e_. only with glossy media. PostScript, by comparison, can use up to four 
hundred percent of ink in all media, and therefore requires ink limiting always. AIL is urgent enough that some printer- 
language products have been specially modified just to perform environmentally-controlled Al L — on glossy media only. 
[0138] In the currently preferred PostScript implementation, two parameters "low" and "limit" (Fig. 7) are received 
5 from the firmware. In HP-GL/2. a LUT with 756 values is received instead, these values representing the inking reduction 
to be applied to each C ; M and Y value as a function of their sum. 

[01 39] For faster processing, the reduction factors are bytes (255 is treated as equivalent to multiplication by unity). 
The LUT is calculated from two values (here too "low" and "limit") by doing the calculation indicated in the lower portion 
of Fig. 7. in which V represents the C+M+Y sum. and low and limit are percent coverages, calculated using a polynomial 

10 function with ten parameters. 

[0140] The function then has the same appearance as that given earlier for OLj — but the calculated vaiue may be 
identified as "limit" rather than Ol r The same environmental and operational inputs 25-29 are used for AIL adjustments 

and the portions of Fig. 1 showing collection of those data and computation 31 of LUTs stand equally well as 

illustration of the AIL preparations. 

is [0141] Actual resulting values of AIL coefficients in the now-preferred embodiment of the invention are included in 
Table 1. The scale range for PostScript goes to three hundred percent for glossy media (since true black ink is not 
used), and to four hundred percent for other media. 

[0142] The above disclosure is intended as merely exemplary, and not to limit the scope of the invention — which 
is to be determined by reference to the appended claims 
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Claims 

1 . A method of operating an incremental printer, with a printing medium: said method composing tnc steps of. 

automatically sensing, immed.ately before printing, at least one environmental condition that affects color of 

fhenaut^mTtfcally^sing the sensed at least one environmental condition to modify operation of the printer to 
compensate specifically for effects of the at least one environmental cond.t.on on color 
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3. 



The method of claim 1 1 wherein: 

™he using step is also in accordance with a color calibration profile that is no. prepared immediately before 

printing. 

The method of claim 2 for use with any particular replaceable colorant-placing module selected from multiple such 
replaceable modules, said particular replaceable module having a characteristic distinctive property wh,ch affects 
tne color of printed images: said method further comorising the step of: 

automatically using information about the distinctive property of the replaceable module to modify operation 
of the printer to compensate for effects of the distinctive property on color. 

4 A method of operating an incremental printer as claimed in claim 1 with a printing medium that has a sensitivity 
to excessive deposition of colorant or a carrier thereof: said method comprising the steps of: 

automatically sensing, immediately before printing, at least one environmental condition that affects said sen- 
sitivity of the medium to excessive deposition of the colorant or carrier: and 

then automatically using the sensed at least one environmental condition to modily operation ol the printer, to 
limit the amount of colorant deposited and so avoid excessive colorant or carrier opposition. 

5. A method ol operaiing an incremental printer, with a printing medium as claimed in claim 1 wherein said using 

slop comprises 

Hu-.om.uc*. y applying a combination of a principal color calibration with a transfer function, to modify operation 

auiom^ic'iy using the sensed at least one environmental condition to modify substantially only said transfer 
(unction 

whccby the principal cahoration is a substantially constant characterization of the printer. 

6 The method of clnim 5 whereir 

the applying step comprises using a principal calibration that is not prepared immediately belore printing 

7. An incremental printer lor use with a printing medium and comprising: 
means for placing colorant on such medium to form an image: 

at .east one sensor for sensing at least one environmental condition that affects color of the formed image: 
an automatic processor for controlling the placing means to form the image: said processor compr.smg. 

means for automatically operating the at least one sensor immediately before printing, and 

means ior using the sensed at least one environmental condition to modify said controlling of the placing 
means to compensate specifically for effects of the at least one environmental condition on color. 

8 The incremental printer of claim 7. further comprising: 

nonvolatile means lor holding instructions tor automatic operation of the at least one sensor and the proc- 
essor, including the environmental-condition using means. 

9 The incremental printer of claim 6 or 7. wherein: 

the piocesso. or an application running in a computer that controls the printer lurlhe. comprises means loi 
performing said placing-means controlling in accordance with a colo, calibration profile that is not p.epa.ed imme- 
diately before printing. 

10 The incremental printer of claim 9. further comprising: 

nonvolatile means in the printer, or in said application, for holding the color calibration profile 

11 The incremental printer of any one of claims 6 to 9, further comprising: 

nonvolatile means for holding a color calibration profile that is loaded into the printer as part of the manufacture 
of the printer 
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12. The incremental printer of any one of claims 7 to 11 : 

wherein the colorant-placing means comprise at least one particular replaceable colorant-placing module se- 
lected from multiple such replaceable modules, each replaceable module having at least one respective char- 
acteristic distinctive property which affects the color of the formed image: 

further comprising means, connected to the processor for providing to the processor information about the at 
least one distinctive property of each selected replaceable module: 

wherein the processor further comprises means for using the distinctive-property information to modify said 
controlling to compensate for effects of the at least one distinctive property of each selected replaceable mod- 
ule on color 

1 3. The incremental printer of claim 1 2, in the form of an inkjet printer, wherein: 

the at least one replaceable module comprises, for each of plural ink colors, a respective scanning multiple- 
nozzle inkjet pen that ejects inkdrops to form such images: 

inkdrops ejected by each pen have a respective drop weight characteristic of that pen, and one said distmctrve 
property is the respective characteristic drop weight for each pen: 
the processor controls each pen to eject the inkdrops: 

the information-providing means comprise means for informing the processor what the respective drop weight 
is: and 

the information-using means comprise means for using the drop-weight information to modify said controlling 
of each pen to compensate for effects of drop weight on color. 

14 The incremental printer of claim 13. wherein: 

the processor further comprises means for using the sensed at least one environmental condition and the 
distinctive-property information together to compensate for interacts effects of the at least one environmental 
condition and drop weight on color. 

1 5. The incremental printer of any one of claims 1 2 to 1 4 : wherein: 

the at least one sensor comprises sensors for sensing plural environmental conditions: and 
the processor comprises means lor using the plural environmental conditions and the distinctive-property in- 
formation together to compensate for interactive effects of the plural environmental conditions and the at least 
one distinctive property, on perceived color. 

16. The incremental printer of any one of claims 7 to 15, wherein each environmental condition is selected from the 
group consisting of: 

humidity. 

pressure, and 

temperature. 

17. The incremental printer ol any one of claims 12 to 16. wherein: 

each distinctive property is selected from the group consisting of: 

the magnitude of a quantized colorant quantity, such as inkdrop weight, to be applied by the replaceable 
module to such medium, and 

age of the replaceable module. 

18. The incremental printer of any one of claims 7 to 17 : further comprising: 

means, connected to the processor, for automatically providing to the processor information about at least 
one other operating condition selected from the group consisting of: 

type of such media. 
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color of such media, and 
resolution: and 

wherein the processor further comprises means for using said operating-condition information to modify said 
controlling to compensate for effects of the at least one other operating condition on color. 

1 9. The incremental printer of any one of claims 1 2 to 1 8. wherein: 

the information-providing means comprise means associated with each replaceable module for conveying 
information about the respective distinctive property to the processor. 

20. The incremental printer of any one of claims 7 to 19 t wherein: 

the at least one sensor comprises sensors for sensing plural environmental conditions: and 

the processor further comprises means for using the plural environmental conditions together to compensate 

for interactive effects of the plural environmental conditions on color. 

21 . The incremental printer of any one of claims 7 to 20, particularly for use with a printing medium that is sensitive to 
excessive deposition of colorant or an associated carrier thereof, and further comprising: 

means for limiting the amount of colorant or carrier deposited. 

wherein the processor further comprises means for using the sensed at least one environmental condition to 
control the limiting means to avoid excess colorant or carrier deposition. 

22. The incremental printer of any one of claims 7 to 21 . wherein: 

the processor comprises means for applying a combination of a principal color calibration and a transfer func- 
tion, to modify said controlling of the colorant placing means: and 

the environmental-condition using means operate substantially only on the transfer function: 
whereby the principal calibration is a substantially constant characteri7ation of the printer 

23. The incremental printer of claim 22. wherein: 

the colorant placing-means comprise, for each of plural colors, a respective inkjet pen that ejects inkdrops 
onto such printing medium: 

wherein the inkdrops ejected by each pen have a respective drop weight characteristic of that pen: 

further comprising means, connected to the processor for informing the processor what the respective drop 

weight is: and 

wherein the processor further comprises means for using the drop-weight information to modify substantially 
only said transfer function, to compensate for effects of drop weight on color. 

24. A method for establishing and using a tabulation of coefficients for use in producing consistent response of an 
incremental printer whose image characteristics are subject to variable environmental or operating conditions, or 
both: said method comprising the steps of: 

establishing a set of parameters that are such variable environmental or operating conditions, or both: 

for each parameter establishing values that are anticipated in use of the printer: 

printing lest patterns using crosscombinalions of the established values: 

photometrically measuring the test patterns: 

defining at least one output image specification of interest: 

for each crosscombination. calculating photometric error with respect to the at least one defined output spec- 
ification: 

for each crosscombination. first searching or analyzing the photometric errors to find an input inking specifi- 
cation that substantially produces the at least one defined output specification: 

further analyzing the input inking specifications found for the crosscombinations. to find and tabulate coeffi- 
cients for use in taking said variable conditions into account to print a desired image: and 
storing the coefficients for later application to control operation of the printer 
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25. The method of claim 24 further comprising the step of: 

applying the coefficients to control operation of the printer 

26. The method of any one of claim 24 or 25. wherein the parameters are selected from the group consisting of 

5 

humidity, 
temperature. 
w pressure. 

resolution. 

the type of a printing medium to be used with the printer 

15 

the color of such medium. 

the age of a disposable module to be used with the printer and 

20 ihe mngn.lude of a quantized colorant quantity, such as inkdrop weight, to be applied by the printer to such 

medium 
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